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After publication and distribution of the document listed above it was 
observed that the numerical values of the Normal Shock Reynolds Numbers 
flagged on the h/href vs. a plots were incorrectly labeled. Although the 
flagged values were correct with respect to time and a the freestream values 
instead of the normal shock values were printed. The analyst can obtain the 
correct value for wind tunnel conditions by multiplying the stated values by 
0.1121 or by using the values shown in the following table. This error is 
consistent for Volumes 2 through 6. The author regrets any inconvenience 
this has caused for the serious researcher. 
Correlation Between Free Stream and Normal Shock 
Reynol ds Numbers at Wind Tunnel Conditions 
0.0175 Scale 107 Ft. Length 107 Ft. LenQth 
Reco 1ft X 106 Re X 106 Re NS X 10
5 
co 
0.50 0.936 1.050 
1.00 1.873 2.099 
1. 50 2.809 3.149 
2.00 3.745 4.198 
2.50 4.681 5.248 
3.00 5.618 6.297 
3.50 6.55~ 7.347 
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DISCUSSION: 
Over 2,000 design flight instruments (DFI) were installed on Columbia with the 
majority of the DFI f1 ight data recorded during ascent and entry (Ref. 1). 
Additional real-time instrumentation was used to continuously monitor the thermal 
subsystems during each flight. Successful completion of the first five flights 
of the Space Shuttle Orbiter has provided sufficient data from radiometers, 
thermocouples, and pressure transducers to appraise the aerothermodynamic/TPS 
performance. 
The entry heating presented in thi s report is restri cted to the Lm'/er Hingward 
Wing 50% and 80% Semi-Spans, see Fig. 1. A tabulation of the orbiter X, Y, Z 
coordinates for each instrument can be found in Table I. This data is presented 
in two Appendices: 
Appendix A: Correlation Parameters 
Appendix B: Flight Data 
As an aid to the reader, the page numbers for the specific correlation parameters 
and flight data for each Appendix can be found in Tables II and III. 
The surface heating and temperature data presented in this volume is based on the 
thermal analysis at e~ch individual location via the JSC NONLIN/INVERSE computer 
program, Ref. 2. Values of ang1e-of-attack and the derived free stream Mach 
number were obtained from the JSC/MPAD Best Estimated Trajectory (BET) data tapes 
for each flight. The corresponding data values for Normal Shock Reynolds number 
(Ref. 3), reference heating rate, reference film coefficient, and total enthalpy 
were obtained via the MINIVER computer program (Ref. 4). Values of h/h
ref were 
computed using 0.9HT recovery enthalpy.The comparison of wind tunnel data (0.9HT) 
with flight data was obtained by linear interpolation for all locations except 
for the 50% semi-span X/C=0.40 location. At wind tunnel conditions, Mach~8, 
(Ref. 5) the Normal Shock Reynolds number is .1121 times the Reynolds number based 
on freestream parameters. 
1 























" . . 
All heating rates were calculated with a view factor of 1. The surface emissivity 
of all instruments was assumed to be 0.85. All heating rates compared to flight 
parameters (a., Moo, and Re NS ) are presented on a log scale with imposed limits of 
10-3< h/h f < 1. No wind tunnel data is presented for those instruments on the 
- re-
e1evons since the e1evon deflection varied during entry. As a.' aid for interpreting 
this data flag events are superimposed on the plots. For the a. vs. h/href plots 
the values of Re NS corresponding to wind tunnel data values are denoted. For the 
Moo vs. h/h ref and ReNS vs. h/h ref plots values of a. (latest in time occurrence) 
are denoted. 
'rhe OF! data is available throughout the entire trajectory for STS-2, STS-3, and 
STS-5. Due to OF! data recorder errors or malfunctions only limited entry data 
is available for STS-1 and STS-4. 
Entry heating data for other vehicle areas is presented in additional volumes. 
Volume 1: An Overview, see Ref. 6, contains the underlying assumptions, detailed 
trajectory information, and pertinent information for the integration of all 
subsequent volumes. In order to provide an adequate overview of the entry heating 
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.i Figure 1 - Measurement Location on Wing Lower Surface 
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- ~ ~. 
TM3LE I 
LOWER WING 50% AND 80% SEMI-SPAN COORDINATES 
50% SEMI-SPAN Yo = -234.170 
mD X/C Xo 
V07T9666A 0.13 1121.7 9668A 0.28 1183.2 V09T9171A+ 0.36 1219. 1 V07T9670A 0.40 1235.4 9671A 0.50 1275.7 9673A 0.61 1320.2 V09T9181A+' 0.64 1335.9 V07T9674A 0.68 1353.1 9676A 0.79 1397.7 V09T9231A+ 0.90 1443.5 V07T9685A 0.99 1477.7 
Eleven Hinge 0.76 1386 
8m~ SEMI-SPAN Yo = -374.672 
MID X/C Xo 
V07T9705A 0.15 1248.0 9707A 0.28 1280.4 9708A 0.35 1297. 1 9710A 0.52 1340.3 9711A 0.61 1362.0 9713A 0.77 1402,.0 9714A 0.98 1454.3 
E1evon Hinge 0.71 1386 
+ Plug instrumented 
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PAGE NUMBERS FOR APPENDIX A: 
CORRELATION PARAMETERS 
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-qeonv vs t 41 42 43 44 45 
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5T5-4 (107 FT LENGTH YING 50% SPAN) X/C=0.13 
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STS-5 (107 FT LENGTH YING 50% SPAN) X/C=0.13 
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515-2 (107 FT LENGTH WING 50% 5PAN) X/C=0.13 
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5T5-1 (107 FT LENGTH WING 50% SPAN) X/C=0.28 
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OH39 0.0175 SCALE RE • 2.5 E06 
OH39 0.0175 SCALE RE .. 3.0 Ee6 
OH39 0.0175 SCALE RE • 3.7 Ees 
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5T5-2 (107 FT LEN(rn~l LUNG 50% SPAN) X/C=0. 28 
o 
o 
OH39 0.8175 SCALE R£ • 9.5 fe6 
uH39 9.8175 SCALf Rf • 1.9 E06 
OH39 9.9175 SCALE RE • 1.5 E96 
OH39 9.0175 SCALE RE • 2.0 £06 
OH39 0.0175 SCALE RE • 2.5 E06 
OH39 0.0175 SCALE RE • 3.0 E06 
OH39 0.8175 SCALE RE • 3.7 £96 
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STS-3 (107 FT LENGTH WING 50% SPAN) X/C=0.28 
OH39 9.9175 SCALE RE • 0.5 E06 
OH39 0.9175 SCALE RE • 1.9 Ee6 
OH39 9.9175 SCALE RE • 1.5 E96 
OH39 9.9175 SCALE RE • 2.e Ee6 
OH39 9.9175 SCALE RE • 2.5 E96 
OH39 9.9175 SC~tE RE • 3.e E96 
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OH39 9.9175 SCALE RE • 2.5 £96 
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5T5-5 (107 FT LENGTH WING 50% SPAN) X/C=0.28 
OH39 0.0175 SCALE RE • 0.5 E06 
OH39 0.0175 SCALE RE 2 1.0 Ea6 
OH39 0.0175 SCALE RE • 1.5 Ea6 
OH39 0.0175 SCALE RE • 2.0 E06 
OH39 0.0175 SCALE RE • 2.5 EaG 
OH39 0.0175 SCALE RE • 3.9 faG 
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STS-1 (107 FT LENGTH WING 50% SPAN) X/C=0.28 
OH39 ALPHA • 20 DEGREES 
OH39 ALPHA • 25 DEGREES 
OH39 ALPHA • 30 DEGREES 
OH39 ALPHA • 35 DEGREES 
OH39 ALPHA • 40 DEGREES 
OH39 ALPHA • 45 DEGREES 
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sT5-2 (107 FT LENGTH WING 50~ SPAN) X/C=0.28 
OH39 ALPHA • 20 DEGREES 
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STS-3 (107 FT LENGTH WING 50% SPAN) X/C=0.28 
OH39 ALPHA • 20 DEGREES 
OH39 ALPHA • 2S DEGREES 
OH39 ALPHA • 30 DEGREES 
OH39 ALPHA • 35 DEGREES 
OH39 ALPHA • ~e DEGREES 
OH39 ALPHA • ~5 DEGREES 
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STS-4 (107 FT LENGTH YING 50% SPAN) X/C=0.28 
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5T5-1 (107 FT LENGTH WING 50% SPAN) X/C=0.36 
OH39 0.0175 SCALE RE • 0.5 E06 
OH39 0.0175 SCALE RE 1.0 E06 
OH39 0.0175 SCALE RE • 1.5 E06 
OH39 0.0175 SCALE RE ~ 2.0 E06 
OH39 0.0175 SCALE RE • 2.5 E06 
OH39 0.0175 SCALE RE • 3.0 E06 
OH39 0.0175 SCALE RE • 3.7 [06 
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'i ~ ~ STS-2 (107 FT LENGTH WING 50% SPAN) X/C=0.36 j p n 
l! 0 OH39 0.9175 SCALE RE & 0.5 EtlS U09T9171A,'U-REF 209-1189 SEC .. :~ 
,; 0 OH39 9.9175 SCALE RE 1.9 Ee~ ~ 
<> OH39 0.0175 SCALE RE a 1.5 [es .{ ~ 
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\? OH39 0.0175 SCALE RE & 2.5 f9G ~ ~ OH39 0.9175 SCALE Rf 3.e E96 4 + OH39 8.9175 SCALE RE • 3.7 E96 ~ 
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OH39 0.0175 SCALE RE • 0.5 E06 
OH39 0.0175 SCALE RE • 1.0 f06 
OH39 0.0175 SCALE R£ • 1.5 r06 
OH39 0.0175 SCALE RE • 2.0 E06 
OH39 0.0175 SCALE RE • 2.5 [06 
OH39 0.0175 SCALE RE • 3.0 E06 
OH39 0.0175 SCALE RE • 3.7 E06 
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ST5-4 (107 FT LENGTH WING 50Y. SPAN) X/C=0.36 
Ori39 0.0175 SCALE RE • 0.5 r06 
OH39 0.0175 SCALE RE • 1.0 E06 
OH39 9.0175 SCALE RE • 1.5 EOD 
OH39 9.0175 SCALE RE • 2.0 E96 
OH3~ 0.0175 SCALE RE • 2.5 E06 
OH39 9.0175 SCALE RE • 3.0 E06 
OH39 0.0175 SCALE RE • 3.7 [es 
ue9T9t71A~H-REf. 965-1300 SEC 
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STS-5 (107 FT LENGTH WING 50% SPAN) X/C=0.36 
OH39 8.8175 SCALE RE c 8.5 E86 
OH39 e.8175 SCALE RE > 1.8 [a6 
OH39 8.8175 SCALE RE • 1.5 E86 
OH39 6.8175 SCALE RE • 2.8 E86 
OH39 6.0175 SCALE RE • 2.5 fa6 
OH39 8.8175 SCALf Rf • 3.8 E06 
OH39 8.8175 SCALE RE • 3.7 f86 
___________ V09T9171A/H-REF 158-13S~ SEt 
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5T5-1 (107 FT LENGTH WING 50% SPAN) X/C=0.36 
U09T9171A/H-RH t065-"H60 SEC 
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5Ts-2 (107 FT LENGTH WING 50% SPAN) X/C=0.36 
U99T9171A/H-REF 290-1480 SEC 
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5T5-3 (107 FT LENGTH WING 50% SPAN) X/C=0.36 
U09T9171A/H-REF 2~e-1380 SEC 
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STS-5 (107 FT LENGTH WING 50% SPAN) X/C==0.36 
U09T91?lA/H-REF 150-1350 SEC 
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5T5-1 (107 FT LENGTH WING 50% SPAN) X/C=0.36 
OH39 ALPHA • 20 DEGREES 
OH39 ALPHA • 25 DEGREES 
OH39 ALPHA • 30 DEGREES 
OH39 ALPHA • 35 DEGREES 
OH39 ALPHA • ~0 DEGREES 
OH39 ALPHA • ~5 DEGREES 
ua9T9171A/H-REF 10~~-116e SEC 
ALPHA 35 
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STS-2 (107 FT LENGTH WING 50% SPAN) X/C=0.36 
OH39 ALPHA • 20 DEGREES 
OH39 ALPHA 25 DEGREES 
OH39 ALPHA 30 DEGREES 
OH39 ALPHA • 35 DEG~EES 
OH39 ALPHA • ~9 DEGREES 
OH39 ALPHA : ~5 DEGREES 
V09T911IA/H-REF 200ol~ee SEC 
t><:.:l H I. --.- l-i 
.- - - 'f'11 ~ ~N ~'~r-_I-I . ,L 1-' ____ • E=~R=~t+m==aEEtititt==--=~~f.H3 ~,o;,-I--- __ .. _ r~' ~ ~-... , ,'_ 
r- .f- _ _ t-
... r---- .. --''''r-~' -t--r--r" 
=
=-J-·-J--J.-+H-+t-t---,-rT /""-- __ I-i 
l---+--t---t-nITm - _ .. _,_ r-" __ _ f------ --1--1-- 1----
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5T5-3 (107 FT LENGTH UING 50% SPAN) X/C=0.36 
OH39 ALPHA 20 DEGREES 
OH39 ALPHA - 25 DEGREES 
OH39 ALPHA • 39 DEGREES 
OH39 ALPHA - 35 DEGREES 
OH39 ALPHA - 49 DEGREES 
OH39 ALPHA - 45 DEGREES 
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STS-4 (107 FT LENGTH WING 50% SPAN) X/C=0.36 
OH39 ALPHA • 20 DEGREES 
OH39 ALPHA • 25 DEGREES 
OH39 ALPHA • 39 DEGREES 
OH39 ALPHA • 35 DEGREES 
OH39 ALPHA • ~e DEGREES 
OH39 ALPHA • ~5 DEGREES 
Ilf I f7 
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STS-5 (107 FT LENGTH WING 50% SPAN) X/C=0.36 
OH39 ALPHA • 20 DEGREES 
OH39 ALPHA a 25 DEGREES 
OH39 ALPHA • 30 DEGREES 
OH39 ALPHA • 35 DEGREES 
OH39 ALPHA • ~0 DEGREES 
OH39 ALPHA • ~5 DEGREES 
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5T5-2 (107 FT LENGTH WING 50% SPAN) X/C=0.36 ,. ~~t 
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STS-3 (107 FT LENGTH WING 50% SPAN) X/C=0.36 
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OH39 0.0175 SCALE RE • 0.5 f06 
OH39 0.0175 SCALE RE • 1.0 f06 
OH39 0.0175 SCALE RE c 1.5 [06 
OH39 0.0175 SCALE RE • 2.0 E06 
OH39 0.0175 SCALE RE • 2.5 [06 
OH39 0.0175 SCALE RE • 3.0 E06 
OH39 0.a175 SCALE RE • 3.7 E06 
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5T5-2 .(107 FT LENGTH WING 50% SPAN) X/C=0.40 
OH39 0.9175 SCALE RE • 9.S E96 
OH39 9.9175 SCALE Rf " 1.0 [9G 
OH39 9.0175 SCALf RE • 1.5 f9G 
OH39 8.0175 SCALf RE " 2.9 £86 
OH39 9.0175 SCALE RE " 2.5 Ee6 
OH39 9.9175 SC~LE RE • 3.9 Ea6 
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5T5-3 (107 FT LENGTH WING 50% SPAN) X/C=0.40 
OH39 0.0175 SCALE RE • 9.5 E06 
OH39 0.9175 SCALE RE • 1.a Ee6 
OH39 0.0175 SCALE RE • 1.5 Ee6 
OH39 0.0175 SCALE RE • 2.0 E96 
OH39 9.9175 SCALE RE • 2.5 E96 
OH39 9.9175 SCALE RE • 3.e Ees 
OH39 0,9175 SCALE RE • 3.7 E96 
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STS-4 (107 FT LENGTH WING 50% SPAN) X/C=0.40 
OH39 0.0175 SCALE RE • 0.5 E0S 
OH39 0.0175 SCALE RE • 1.0 EOS 
OH39 0.0175 SCALE RE • 1.5 [as 
OH39 0.0175 SCALE RE • 2.0 EaS 
OH39 0.0175 SCALE RE • 2.5 Ea6 
OH39 0.0175 SCALE RE • 3.0 Ea6 
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STS-5 (107 FT LENGTH WING 50% SPAN) X/C=0.40 
OHJ9 0.0175 SCALE RE 
OH39 0.0175 SCALE RE 
OH39 0.0175 SCALE RE 
OH39 e.0175 SCALE RE 
ou39 0.e175 SCALE RE 
OH39 9.0175 SCALE RE 
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5T5-1 (107 FT LENGTH WING 50% SPAN) X/C=0.68 
OH39 0.0175 SCALE R£ • 0.5 £06 
OHJ9 0.0175 SCALE RE • 1.0 Ee6 
OHJ9 0.0175 SCALE RE • 1.5 Ea6 
~HJ9 0.0175 SCALE RE • 2.0 ECG 
OH39 0.0175 SCALE RE • 2.5 £06 
OH39 0.0175 SCALE RE • 3.e E06 
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STS-3 (107 FT LENGTH WING 50% SPAN) X/C=0.68 
OH39 e.01~S SCALE RE • 0.5 E06 
OH39 0.9175 SCALE RE • 1.~ r06 
OH39 0.9175 SCALE RE • 1.5 Ee6 
OH39 0.9175 SCALE RE • 2.0 Ee6 
OH39 0.0175 SCALE RE • 2.5 r06 
OH39 0.0175 SCALE RE • 3.0 E06 
OH39 0.9175 SCALE RE • 3.7 r06 
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STS-4 (107 FT LENGTH WING 50% SPAN) X/C=0.68 
OH39 e.01~5 SCALE RE • 0.5 [06 
OH39 0.0!75 SCALE RE • 1.~ EOS 
OH39 0.0175 SCALE RE • 1.5 EOS 
OH39 0.0175 SCALE R[ • 2.0 [06 
OH39 0.0175 SCALE RE • 2.5 E06 
OH39 0.0175 SCALE RE • 3.G E06 
OH39 0.0175 SCALE RE • 3.7 E06 
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STS-2 (107 FT LENGTH WING 5e~ SPAN) X/C=0.68 
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STS-4 (le7 FT LENGTH WING Sey. SPAN) X/C=e.68 
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STS-1 (107 FT LENGTH WING 50% SPAN} X/C.=0. 68 
OH39 ALPHA • 20 DEGREES 
OH39 ALPHA • 25 DEGREES 
OH39 ALPHA 30 DEGREES 
OH39 ALPHA • 35 DEGREES 
OH39 ALPHA • ~O DEGREES 
OHJ9 ALPHA • ~5 DEGREES 
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STS-3 (107 FT LENGTH WING 50Y. SPAN) X/C=0.68 
OH39 ALPHA • 20 DECREES 
OH39 ALPHA • 25 DECPEES 
OH39 ALPHA • 30 DEGREES 
OH39 ALPHA • 35 DEGREES 
OH39 ALPHA • ~e DEGREES 
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STS-4 (107 FT LENGTH WING 50% SPAN) X/C=0.68 
OH39 ALPHA • 20 DEGREES 
OH39 ALPHA • 25 DEGREES 
OH39 ALPHA - 30 DEGREES 
OHJ9 ALPHA • 35 DEGREES 
OHJ9 ALPHA - ~0 DEGREES 
OH39 ALPHA • ~S DEGREES. 
ve7T967~A/H-REf 965-1309 SEC 
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STS-5 (107 FT LENGTH WING 80~ SPAN) X/C=0.S2 
OHJ9 0.0175 SCALE RE • 0.5 E06 
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STS-5 (107 FT LENGTH WING 80~ SPAN) X/C=0.S2 
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STS-2 (107 FT LENGTH WING 80% SPAN) X/C=0.S2 
OH39 ALPHA • 20 DEGREES 
OH39 ALPHA • 25 DEGREES 
OH39 ALPHA • 30 DEGREES 
OH39 ALPHA • 3S DEGREES 
OH39 ALPHA • ~0 DEGREES 
OH39 ALPHA • ~5 DEGREES 
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STS-3 (107 FT LENGTH ~ING 80Y. SPAN) X/C=0.S2 
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STS-4 (107 FT LENGTH WING 80% SPAN) X/C=0.S2 
OH39 ALPHA • 20 DEGREES 
OH39 ALPHA • 2S DEGREES 
OH39 ALPHA • 30 DEGREES 
OH39 ALPHA • 3S DEGREES 
OH39 ALPHA • ~e DEGREES 
OH39 ALPHA • ~S DEGREES 
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